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ABSTRACT 

Problems of incomplete information 
include a component of unknown 
information. We investigate such 
problems through a study of the bidding 
phase in the game of Bridge. In 
particular, we would like to apply 
genetic algorithms to the Bridge bidding 
problem. Genetic algorithms, however, 
require a fitness function appropriate for 
the problem. Therefore, in this paper, we 
first attack the optimization problem of 
finding the maximum number of tricks 
that can be taken in a bridge hand with 
optimal play and with complete 
information. Solutions from this 
optimization problem will subsequently 
be used as fitness functions in applying 
genetic algorithms to the bidding 
problem.   
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INTRODUCTION 
Problems with incomplete information 
are problems that have two information 
components, one known and the other 

unknown. Bridge is a good example of 
this problem [2].  Bridge has a known 
component, the hand or 13 cards, and an 
unknown component, the 39 cards held 
by the three other players.  Bridge 
bidding is used to convey information 
about a hand to the other players. While 
it is easy to get computers to bid, it is 
difficult to get them to learn how to 
make better bids, and genetic algorithms 
(GA) might be used to solve this 
problem. 
 
In order to apply GA’s to bridge bidding 
it is necessary to come up with a fitness 
function. One way to do this is to solve 
the complete information problem first, 
and use the resulting solutions as the 
fitness function for the GA.  This paper 
explores both depth-first and GA 
methodologies to obtain optimal 
solutions, or near optimal solutions in 
the GA case, to the complete 
information problem. That is, we 
compute the maximum number of tricks 
that can be taken in a bridge hand with 
optimal play and with complete 
information. The solution results from 
the depth first and GA methods are also 
validated against a set of hands that have 
actually been played by bridge players. 

Overview of the Game of Bridge 
Bridge is a card game that is played with 
four players.  The players are commonly 
known as East, North, West, and South.  
North and South are a partnership and 



East and West are a partnership, and the 
East-West pair competes against the 
North-South pair. Before the game starts 
the two pairs decide on a set of bridge 
conventions or rule, and each team lets 
the other team know what their 
conventions are. The game starts by 
shuffling the cards to insure that the 
cards are in a random order.  The dealer 
then deals the cards by passing one card 
to each player in a clockwise direction 
starting with the player on the dealer’s 
left.  For simplicity, the dealer will 
always be south in this study.  After the 
deal takes place, the bidding auction 
phase starts.  The auction phase consists 
of each player evaluation his cards and 
the information derived from the 
previous bids to make a bid.  Bids come 
from the set of {1♣, 1♦, 1♥, 1♠, 1NT, 
2♣, 2♦, 2♥, 2♠, 2NT, …, 7♣, 7♦, 7♥, 7♠, 
7NT} with special bids of double, 
redouble and pass. The sequence of bids 
and play is in the same sequence as the 
deal of the cards. East will start the 
bidding by making a bid or passing. 
North will follow by making a bid that is 
higher than the previous bid or passing. 
West follows next then south. This 
continues until there are three passes in 
sequence, or four passes in the first 
round.  After bidding concludes, one of 
the teams has won the contract. The 
contract is defined to be 6 tricks plus the 
level of the bid.  
 
Once the bid phase concludes, the play 
phase begins. A trick is defined to be a 
set of four cards played. In this paper all 
hands will be displayed as if North-
South won the contract and south will be 
playing the hand. The East player 
initiates play by leading (playing) any 
card in his/her hand. The next 3 players 
have to follow suit if they have cards in 
the lead suit.  After East plays the first 

card, north will become the dummy and 
south will play North’s cards.  After all 
4cards have been played, the trick is 
completed and a new leader is 
determined.  The next trick starts with 
the new leader.  This process continues 
until all the cards are played and 13 
tricks have been completed.  The next 
step is to calculate the number of tricks 
won by North-South.  If it is equal to or 
greater than the contract, the North- 
South team will get a positive score; 
otherwise East-West will receive the 
score. 

Maximum Tricks for a Bridge Hand 
We simplify the search for finding the 
optimal number of tricks that can be won 
by the North-South pair by changing the 
bridge environment to be fully 
observable, deterministic, and 
omniscient.  It is still a hard problem, 
and is NP hard for an arbitrary number 
of cards per player.  Each player has 13 
cards to choose from.  There are 5 
contract types (the four suits and no-
trump) and 4 possible opening-lead seats 
(north, east, south, and west). This 
makes an upper bound of searches as 13! 
13! 13! 13! * 4 *5 and the lower bound 
as 13*4*5. The upper bound is 
determined by the fact that each player 
can play the following sequence (N*(N-
1)*(N-2) … 1) or N!  The upper bound 
is over 3 x 1040 search paths. The lower 
bound is determined from the simple 
case when each player has 13 cards of 
the same suit.  Since the cards are in 
sequential order, the order of play does 
not matter so the sequence becomes 
(1*1…1).  This is due to the bridge rule 
that requires the players to follow suit, 
that is, to play a card from the suit lead, 
if possible.   
 
This problem is solved using depth-first 
search, genetic algorithm search, and 



human search (an empirical study). We 
calculate two measures in this study: the 
average time to calculate the number of 
tricks, and the number of search paths 
taken.     

METHODOLOGY 
We have simplified the search problem 
slightly by always making South the 
declarer. This reduces the upper bound 
of searches as by a factor of 4 to be 13! 
13! 13! 13! *5. Nevertheless, this is still 
a difficult problem, and in order to make 
searches, particularly the depth-first tree 
search, more amenable to solution, we 
are running our searches on a powerful 
cluster computer. To further speed the 
search we use GA’s that, although not 
optimal, find near optimal solutions. 
Finally, we employ a third method of 
search, that of human play.  

Hardware 
Due to the complexity of this problem, 
the depth-first and genetic algorithms are 
run on a cluster of 20 machines that are 
on there own private network.  Each 
machine is an Apple XServe G5 2x2Gz 
CPU, 4GB memory, and runs the 
MacOSX 10.3.7.  We have ample disk 
space for experimental use. 

Depth-First Tree 
There are four components used to solve 
this problem, a node and three processor 
types.  The three processor types are the 
traffic cop (master), expander (slave) 
and collector [3]. A node is part of the 
search tree. The node has four 
components: stat, trick, cards, and 
played.  Stat is a structure that defines 
where the node is on the search tree. So 
that it can be worked on independently, 
stat contains all the pertinent 
information: the depth, the player, the 
lead suit, the last card played, and the 
path cost (number of wins) up to this 

depth.  Trick contains the cards that have 
been played at this depth, and is used to 
calculate the step cost and the leader for 
the next depth.  Cards contains the hand 
as it was originally dealt. Played 
contains the cards that have been 
played.       
 
Initially there is a process that reads in 
cards from a file and creates a node (NI). 
NI is passed to the traffic cop via a 
socket.  The traffic cop reads NI and 
passes it to an available expander.  The 
expander takes the NI and expands the 
node based on the depth-first algorithm 
to N1, N2, and N. The expanded nodes 
are passed back to the traffic cop, who 
then passes them to expanders in a ring 
fashion. When the node reaches the 
depth of 13 (terminal state), it is passed 
to the controller.  The controller keeps 
track of important statistics, and the 
number of traffic cops and expanders.  
The controller also determines if the 
process is finished, and can add traffic 
cops and expanders to the system.   
  
Since each node is independent, the 
standard alpha-beta pruning method can 
not be used [7].  Pseudo code for our 
new method is as follows: 
 
   α = num of max wins 
   β = num of min wins 
   γ = current wins 
   MD = Max Depth 13 for bridge 
   D = Actual depth 
 
If the node is a MAX node   
   Then 
            If α > (γ + (MD – D) 
            Then 
                        Prune 
            End if 
   End if 
If the node is a MIN Node 



   Then 
            If β < (γ – (MD – D) 
            Then 
                Prune 
            End if 
   End if 
  

Genetic Algorithms 
The initial population is generated by 
taking each player’s hand and 
randomizing the order in which the cards 
are played. The hands are then played, 
validating them against the rules of 
bridge play.  If the hand passes the 
validation, it is included in the bridge 
population. This processor is called the 
validator. The validator will also 
calculate the number of tricks that will 
be won for this particular hand. 
             
Reproduction occurs by splitting two of 
the hands from the bridge population at a 
specific random point.  Mutation occurs 
by randomly switching two cards in a 
bridge hand. Hands that have been 
successfully reproduced and mutated are 
then passed through the validator [4].  
The good hands are then placed in a new 
bridge population, and these hands are 
scored assuming that the level of tricks 
will be the final bid.  For example, if the 
number of tricks won is ten with hearts 
as trump, the final bid would be four 
hearts.  The average of the new scores is 
calculated, compared to the actual hand 
score using a bridge scale called imps 
(international match points), and hands 
that are more than a standard deviation 
from this new imp score are thrown 
away. 

Human Play 
Data has been collected from two online 
bridge services, OkBridge [5] and BRBR 
bridge online [1, 6].  The imp score for 
the hand has already been 

calculated. This could be the score that 
will be used as the fitness function to 
measure the bidding system. 

RESULTS AND CONCLUSION 
Preliminary results appear promising. 
We will report complete results with 
supporting statistics in the final version 
of the paper. 
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